Introduction {#S0001}
============

Oral squamous cell carcinoma (OSCC), the 6th most prevalent cancer across the world, accounts for a majority of head and neck cancers.[@CIT0001] Unfortunately, OSCC ranks the highest in relation to cancer mortality rate in comparison with the other carcinomas.[@CIT0002] The etiology of OSCC involves both intrinsic factors of smoking, excessive use of alcohol, as well as betel quid chewing and extrinsic risk factor of human papillomavirus infection.[@CIT0003]--[@CIT0005] Despite improvements in cancer treatment, the overall 5-year survival rates (less than 50%) have not significantly improved over the last few decades.[@CIT0006],[@CIT0007] The early-stage of OSCC manifests a cure rate of more than 80%, however, cannot be cured in over 70% of the patients in the advanced-stage of OSCC.[@CIT0008],[@CIT0009] It is widely accepted that OSCC possesses a high potential for local invasion and lymph node metastasis (LNM), LNM playing a vital role in predicting the survival of patients with OSCC, while the underlying molecular mechanism still remains to be unclear.[@CIT0010] Consequently, it is urgent to investigate the early-stage detection and the detailed molecular mechanism of OSCC.

Long non-coding RNAs (lncRNAs) are a critical group of general genes that are essential to various biological functions.[@CIT0011] Nowadays, several studies have demonstrated the involvement of lncRNAs in the development and progression of multiple types of cancers, including prostate, bladder, and kidney cancers.[@CIT0012]--[@CIT0015] Over-expression in lncRNA LINC01116 (LINC01116) was discovered in prostate cancer by a previous study, which concluded that the knockdown of LINC01116 with small interfering RNA (siRNA) suppressed cell proliferation in prostate cancer.[@CIT0016] Another study suggested that the down-regulation of LINC01116 could inhibit cell proliferation, migration, and invasion, but contribute to apoptosis in non-small-cell lung cancer through inhibition of the Hippo signaling pathway by targeting FAT4.[@CIT0017] Furthermore, lncRNAs function as read-outs of active cellular programs or signals of specific cellular states, which enables lncRNAs to identify cellular pathologies including cancer, to be of great prognostic significance, or supplying a formula of treatment for patients suffering from cancerous diseases.[@CIT0018],[@CIT0019] However, the role of LINC01116 in the progression of OSCC remains under-investigated.

Fibronectin 1 (FN1), belonging to the glycoprotein family of extracellular matrix, was found in a variety of cell types and associated with cellular adhesion and migration processes.[@CIT0020] FN1 was also highlighted to be a potential biomarker in OSCC regarding tongue/mouth floor and edentulous ridge.[@CIT0021] Besides, microRNA-1271 (miR-1271) was previously revealed to exert tumor suppressive effects in OSCC and possibly function as a promising therapeutic factor for OSCC treatment.[@CIT0022] A previous study also indicated that miR-338 might serve as a potential diagnostic marker and therapeutic target for the treatment of OSCC.[@CIT0023] Additionally, there is a general acceptance that miR-136 functions as a tumor suppressor gene in numerous cancers,[@CIT0024],[@CIT0025] yet its involvement in OSCC is not fully understood. Therefore, the mechanism was identified and characterized by which LINC01116 and its target miR-136 regulated cell adhesion and migration regulator FN1. The tumor suppressor function of miR-136 was represented, as well as the elevated expression of which inhibits cell proliferation, invasion, migration, and reverses epithelial--mesenchymal transition (EMT). Additionally, tumor growth and LNM of OSCC are prevented by overexpressed miR-136 or underexpressed LINC01116 expression. It was revealed that down-regulated LINC01116 increased the expression of miR-136, which was able to inhibit the development of OSCC, as demonstrated in vitro and in vivo.

Materials and methods {#S0002}
=====================

Ethical statement {#S0002-S2001}
-----------------

The current study was conducted with approval of the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (201002005) and in accordance with the principles of *Helsinki's Declaration*. Signed informed consents were obtained from all participating patients and their families prior to tissue sample collection. All animal experiments were approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (201706002) and in accordance with *the Guide for the Care and Use of Laboratory animals* published by the US National Institutes of Health.

Microarray analysis {#S0002-S2002}
-------------------

The expression profile data related to OSCC were screened using the Gene Expression Omnibus (GEO) database (<http://www.ncbi.nlm.nih.gov/geo>) with "OSCC" serving as the key word. Each expression profile data were treated with background correction and normalization by applying the Affy installation package of the R software.[@CIT0026] Subsequently, the linear model-empirical Bayesian statistical method combined with the  moderated  *t*-test was employed to conduct nonspecific screening for expression profile data for the selection of differentially expressed lncRNA and miRNAs.[@CIT0027] The miRNAs that bound to the target gene were detected using the microRNA.org website (<http://34.236.212.39/microrna/home.do>), the mirDB website (<http://www.mirdb.org/index.html>), and the mirDIP website (<http://ophid.utoronto.ca/mirDIP/>). Finally, the miRNAs binding to lncRNA were confirmed using the RNA22 website (<https://cm.jefferson.edu/rna22/>).

Study subjects {#S0002-S2003}
--------------

A total number of 58 patients (calculated mean age: 55 years, ranging from 29 to 76 years), comprising 36 males and 22 females, who accepted surgical resection of OSCC at the First Affiliated Hospital of Zhengzhou University from March 2010 to April 2012 were selected as the study subjects. All patients were confirmed with their focal property as squamous cell carcinoma by means of postoperative pathological examination. No patients included in the current study underwent chemoradiotherapy or immunotherapy prior to the operation. The 7th edition AJCC (American Joint Committee on Cancer) staging of OSCC was applied as reference for carrying out staging of the obtained tissues.[@CIT0028] According to clinical Tumor Node Metastasis (TNM) staging, there were 12 cases in stage I, 26 cases in stage II, and 20 cases in stage III. In addition, according to the squamous cell carcinoma staging method, 24 cases were classified as highly differentiated squamous cell carcinoma, 7 cases as moderately differentiated squamous cell carcinoma, and 27 cases as poorly differentiated squamous cell carcinoma. The follow-up lasted approximately 60 months, and the Kaplan--Meier method was used for survival analysis. During the follow-up period, recurrence of tumor or death of the patient was regarded as the end. If not, the time of the final follow-up was regarded as the end point. The overall survival (OS) time was identified as the period from the date of surgery to the date of death.

Selection and culture of cells {#S0002-S2004}
------------------------------

Human oral mucosal epithelial cells (OMECs) (Sci-L-0682, ATCC, Manassas, VA, USA), OSCC cell line (Tca83, ATCC, Manassas, VA, USA) were cultured in 5% fetal calf serum (FCS) + Roswell Park Memorial Institute (RPMI) 1,640 medium (31800022, Gibco, Grand Island, NY, USA), while TSCCa, NB, and NT were cultured in Dulbecco's Modified Eagle Medium (DMEM) containing 10% FCS. Tca8113 was cultured in an incubator in F12K medium (21127022, Gibco, Grand Island, NY, USA) in an incubator (thromo3111, Shandong Biobase Chemdrug Co., Ltd., Jinan, Shandong, China) with 5% CO~2~ in air at 37°C. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) was performed to determine the expression of LINC01116 to select cell lines for subsequent experimentation.

Cell treatment {#S0002-S2005}
--------------

Cell transfection was conducted using Lipofectamine Transfection Reagent 2000 (11668019, Invitrogen Life Technology Co., Ltd., Carlsbad, CA, USA). After 6 hrs of transfection, the cells were further cultured in complete medium at 37°C for 48 hrs and then harvested.

Next, the cells were divided into the following 6 groups: the blank group (cells without any transfection), the NC group (cells transfected with empty plasmids), the siRNA-LINC01116 group (cells transfected with siRNA-LINC01116 plasmids), the miR-136 mimic group (cells transfected with miR-136 mimics), the miR-136 inhibitor group (cells transfected with miR-136 inhibitors), and the siRNA-LINC01116 + miR-136 inhibitor group (cells co-transfected with siRNA-LINC01116 and miR-136 inhibitors).

Dual luciferase reporter gene assay {#S0002-S2006}
-----------------------------------

The RNA22 software website was employed to predict the binding sites of miR-136 with LINC01116 and FN1. The target fragments were cloned into the upstream region of the luciferase reporter pmirGLO (3577193, Promega Biotech Co., Ltd., Madison, WI, USA) using double enzyme digestion, and then named LINC01116-wild type (wt) and FN1-wt. Site-directed mutagenesis of the binding sites was performed to construct the LINC01116-mutant (mut) and FN1-mut vectors. MiR-136 mimics and miR-136 NC were co-transfected with control sequences according to the instructions of LipofectamineTM 2000 (Invitrogen Life Technology Co., Ltd., Carlsbad, CA, USA). A luminometer (GloMax® 20/20, Promega Biotech Co., Ltd., Madison, WI, USA) was used to detect cell luciferase activity in accordance with the instructions of Dual Luciferase Reporter Assay Kit (E1910, Promega Biotech Co., Ltd., Madison, WI, USA), and the luciferase activity was calculated as follows: the luciferase activity=the firefly luciferase activity/the renilla luciferase activity.

RNA pull-down assay {#S0002-S2007}
-------------------

Cells were transfected with 50 nM biotin-labeled WT-bio-miR-136 and MUT-bio-miR-136 (Genecreat Biotech Co., Ltd., Wuhan, Hubei, China). Subsequently, the cells were collected and thoroughly rinsed using phosphate buffer saline (PBS) after 48 hrs and furthermore incubated in specific lysate buffer (Ambion, Austin, Texas, USA) for 10 mins. Subsequently, the lysates were incubated with the M-280 streptavidin beads (S3762, Sigma-Aldrich Corp. St. Louis, MO, USA) that were pre-coated with Ribonuclease (RNase)-free bovine serum albumin (BSA) and yeast tRNA (TRNABAK-RO, Sigma-Aldrich Corp. St. Louis, MO, USA) for 3 hrs at 4°C. The beads were washed twice using pre-cooled lysate buffer solution, three times with low-salt buffer solution, and once with high-salt buffer solution. The bound RNAs were purified using Trizol while LINC01116 enrichment was detected by qPCR.

RNA binding protein co-immunoprecipitation (RIP) assay {#S0002-S2008}
------------------------------------------------------

A RIP kit (Millipore, Temecula, CA, USA) was employed to detect the binding of LINC01116 with argonaute2 (AGO2) protein. Neurons were rinsed with pre-cooled PBS, with the supernatant removed. The cells were lysed with an equal volume of RIPA lysis buffer (P0013B, Beyotime Biotechnology Inc., Shanghai, China) in an ice bath for 5 mins, and centrifuged at 14,000 rpm for 10 mins at 4°C with the supernatant collected. A total of 50 μL magnetic beads were washed, re-suspended in 100 μL RIP Wash Buffer and added with 5 μg antibody according to the experimental groups for binding. The bead-antibody complex was washed, re-suspended in 900 μL RIP Wash Buffer, and added with 100 μL cell extract for incubation at 4°C overnight. Samples were placed on magnetic holders to obtain magnetic bead-protein complexes. The RNA content in samples and input were extracted with the detachment of proteinase K for subsequent PCR detection. The antibodies used in RIP were AGO2 (dilution ratio of 1:50, ab32381, Abcam, Cambridge, MA, USA), which was mixed at room temperature for 30 mins, and IgG (dilution ratio of 1:100, ab109489, Abcam, Cambridge, MA, USA), which was used as a negative control.

RNA fluorescence in situ hybridization (RNA-FISH) {#S0002-S2009}
-------------------------------------------------

Cell culture conditions were as follows: the coverslips were placed on the bottom of a 24-well plate and cells were cultured with a density of 6×10^4^ cells/well. Cell confluence was allowed to reach 60--70% prior to the experiment. Cells fixation and permeation were as follows: the cells were rinsed with 1× PBS for 5 mins, fixed with 4% paraformaldehyde at room temperature for 10 mins, followed by 1× PBS rinsing three times, 5 mins each time. Next, the cells in each well were added with 1 mL of pre-cooled permeable fluid, stored at 4°C for 5 mins, and rinsed again 3 times with 1× PBS, 5 mins each time. Probe detection was as follows: the cells in each well were added with 20 μL of pre-hybridization solution, followed by a blockade of the cells for 30 mins at 37°C. After discarding the pre-hybridization solution from each well, the cells were added with an appropriate amount of hybridization solution containing probes and hybridized overnight at 37°C avoiding exposure to light. The cells in each well were washed 3 times by applying cleaning lotion I at 42°C (5 mins each time), followed by an additional cleaning process using lotion II and cleaning lotion III under the same conditions (1× PBS rinsing was then conducted at room temperature for 5 mins). DNA staining was as follows: the cells were stained with 4ʹ,6-diamidino-2-phenylindole (DAPI) dye for 10 mins avoiding exposure to light and rinsed three times with 1× PBS, 5 mins each time. Sealing was as follows: under dark conditions, the coverslips were fixed on cell slide using a mounting medium (eg, nail polish) for fluorescent detection.

Cell Counting Kit-8 (CCK-8) assay {#S0002-S2010}
---------------------------------

After 48 hrs of transfection, cells in each group were rinsed twice with PBS, detached with 0.25% trypsin and inoculated in 96-well plates at a cell density of 1×10^4^ cells/well, with 3 parallels set in each well. Then, cells in each well were added with 10 μL CCK-8 reagent (40203ES60, Yeasen Biotechnology Co., Ltd., Shanghai, China) at 0 hr, 24 hrs, 48 hrs, and 72 hrs post culture. After 4 hrs of incubation, the optical density (OD) of each well was measured with an excitation wavelength of 450 nm using a microplate reader (MK3, Thermo Fisher Scientific, San Jose, California, USA). The cell viability curve was plotted with time point as the abscissa and the OD as the ordinate. Each experiment was repeated 3 times to obtain the mean value.

Scratch test {#S0002-S2011}
------------

After 48 hrs of transfection, a marker pen was used to draw a horizontal line across the well at an interval of approximately 0.5--1 cm at the back of the 6-well plate. Approximately 5 lines were marked across each well. Nearly 5×10^5^ cells were added and allowed to settle on the plate overnight. The following day, with the help of a ruler, scratches were created using a pipette tip perpendicular to the horizontal lines at the back of the plate without tilting. The cells were rinsed 3 times with PBS to remove cellular debris prior to the addition of serum-free medium. Then, the cells were placed in an incubator with 5% CO~2~ in air at 37°C. Photos were collected and observed at the 0 hr and 48 hrs.

Transwell assay {#S0002-S2012}
---------------

After 48 hrs of transfection, the Matrigel gel (YB356234, YU BO Biological Technology Co., Ltd., Shanghai, China) stored at −80°C was collected and thawed into liquid at 4°C overnight. Moreover, 200 μL Matrigel gel (356235, Haoran Biological Technology Co., Ltd., Shanghai, China) was diluted in 200 μL serum-free medium at 4°C. Next, 50 μL of mixture was added to the apical chambers of Transwell plate and placed in an incubator for 2--3 hrs. Afterwards, 200 μL cell suspension was added to the apical chamber of each well, while 800 μL conditioned medium containing 20% FBS was added to the basolateral chamber. Following incubation for 20--24 hrs at 37°C, the Transwell plate was removed, rinsed twice using PBS, immersed in formaldehyde for 10 mins, and washed 3 times. The cells were stained with 0.1% crystal violet at room temperature for 30 mins, rinsed twice with PBS, and the remaining cells on the upper surface were wiped off using a cotton swab. After drying, 5 fields were randomly selected with cells counted using an inverted microscope (Leica, Wetzlar, Germany) and the average was obtained. This experiment was repeated 3 times to obtain the mean value.

RT-qPCR {#S0002-S2013}
-------

After 48 hrs of transfection, cells of each group were harvested for further experiments. Trizol (Biosentech Biotechnology Co., Ltd., Beijing, China) was used to extract total RNA content from the cells and tissues, with the concentration and purity determined. According to the instructions of ReverTra Ace qPCR RT Kit (FSQ-101, TOYOBO Co., Ltd., Osaka, Osaka Prefecture, Japan), the sample was placed in a PCR amplification instrument at 25°C for 10 mins, at 37°C for 60 mins, and at 95°C for 5 mins to terminate the reaction. Based on the miR-136 reverse transcription primer (5ʹ-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCCATC-3ʹ), the RNA was reverse transcribed into cDNA. The obtained cDNA was used as a template and target genes were amplified. Both forward and reverse primers of genes were designed, synthesized by Shanghai Sangon Biotech Company (Shanghai, China) ([Table 1](#T0001){ref-type="table"}). RT-qPCR amplification system (20 μL) included a 2.0 μL genome template, 10 μL SYBR Premix Ex Taq (DRR041S, Takara Biomedical Technology (Beijing) Co., Ltd., Beijing, China), 0.5 μL forward primers, 0.5 μL reverse primers, and 7 μL sterilized ddH~2~O. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal reference for LINC01116 and target genes, while U6 served as the internal reference for miR-136. Subsequently, a Real-Time PCR System (4485694, Thermo Fisher Scientific, San Jose, California, USA) platform was applied for detection. The CT value (inflection point of amplification power curve) was calculated using the following formulas: ΔCt=CT (target gene)−CT (internal reference), ΔΔCt=ΔCt (experimental group)−ΔCt (control group), with the relative quantification method adopted and 2-ΔΔCt as the relative expression level of the target gene.[@CIT0029] Each experiment was repeated 3 times to obtain the mean value.Table 1The primer sequences for RT-qPCRGeneForward primer (5ʹ--3ʹ)Reverse primer (5ʹ--3ʹ)miR-136GGGACUCCAUUUGUUUUGAUCAGTGCGTGTCGTGGAGTLINC01116TTCAAGTGCGTCCGGGTTTCCTGCCGATTCCCCATTCCU6CCAGCCCATGATGGTTCTGATGGCTGGTAAGGATGAAGGFN1CGGTGGCTGTCAGTCAAAGAAACCTCGGCTTCCTCCATAAVimentinCGCCAGATGGGTGAAATGGACCAGAGGGAGTGAATCCACAN-cadherinACAGTGGCCACCTACAAAGGCCGAGATGGGGTTGATAATGE-cadherinCCCACCACGTACAAGGGTCCTGGGGTATTGGGGGCATCMMP-9TGTACCGCTATGGTTACACTCGGGCAGGGACAGTTGCTTCTGAPDHACAGTCCATGCCATCACTGAGTAGAGGCAGGGATGATG[^1]

Western blot analysis {#S0002-S2014}
---------------------

Cells were harvested from each group after transfection for 48 hrs, rinsed with PBS, and re-suspended. The supernatant was obtained after centrifugation and the RIPA lysate buffer (P0013B, Beyotime Biotechnology Inc., Shanghai, China) was added at a concentration of 10^7^ cells/mL, followed by the addition of an appropriate amount of phenylmethylsulfonyl fluoride (PMSF). Cells were mixed gently, re-suspended, incubated on ice, and centrifuged at 4°C for 10 mins (12,000 rpm), with the supernatant obtained, which was regarded as the total protein content of cells. The protein concentration was measured using a bicinchoninic acid (BCA) protein quantification kit (Beyotime Biotechnology Inc., Shanghai, China). Then, 20 μg of the cell total protein was separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto a polyvinylidene fluoride (PVDF) membrane. The membrane was blocked for 1.5 hrs using 5% skim milk powder that was prepared using Tris-buffered saline Tween (TBST). Next, the membrane was incubated with diluted primary antibodies as follows: rabbit anti-human FN1 polyclonal antibody (ab2413, dilution ratio of 1:1,000), rabbit anti-human E-cadherin (ab40772, dilution ratio of 1:10,000), rabbit anti-human N-cadherin (ab18203, dilution ratio of 1:1,000), rabbit anti-human Vimentin (ab45939, dilution ratio of 1:1,000), rabbit anti-human matrix metalloprotein 9 (MMP-9) (ab73734, dilution ratio of 1:1,000), and rabbit anti-human GAPDH polyclonal antibody (ab9485, dilution ratio of 1:2,500). The membrane was then incubated with the corresponding secondary antibody horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG (ab6721, dilution ratio of 1:10,000) at room temperature for 2 hrs. All aforementioned antibodies were purchased from Abcam (Cambridge, MA, USA). Moreover, the membrane was immersed in chemiluminescence (ECL) reaction solution (NCI4106, Shanghai Huiying Biological technology Co., Ltd., Shanghai, China) for coloration and further photographed using SmartView Pro 2000 (UVCI-2100, Major Science, Saratoga, CA, USA). The gray values of protein bands were computed using the Quantity One software.

Tumor xenografts in nude mice {#S0002-S2015}
-----------------------------

A total of 30 specific pathogen free (SPF) male BALB/c nude mice (BEIJING HFK Bioscience Co., Ltd., Beijing, China) aged 5 weeks with weight of 16--17 g were housed in an SPF-grade barrier environment at the Laboratory Animal Center, Zhengzhou University (Zhengzhou, Henan, China). All litters, cages, fodder, and drinking water for nude mice were sterilized using high temperature or ultraviolet radiation. The nude mice were maintained at 25°C with the air velocity of 20 cm^3^/s and 55% relative humidity. Subsequently, the nude mice were indiscriminately divided into 6 groups, with 5 mice in each group.

Cells form each group presenting with good growth conditions state were treated with 0.25% trypsin detachment and rinsed 3 times with PBS. PBS was then used to re-suspend cells to produce a single cell suspension. Then, 100 μL cell suspension (1×10^6^ cells) were inoculated subcutaneously on the back of nude mice using a No. 6 needle, and the tumor volume was measured every 3 days after subcutaneous inoculation until the 24th day. The measurement formula was as follows: tumor volume=(length×width^2^)/2. The tumor growth curve was subsequently plotted accordingly.

Hematoxylin-eosin (HE) staining {#S0002-S2016}
-------------------------------

The adjacent lymph nodes of tumor-bearing neoplasms of nude mice were dissected, fixed, embedded with paraffin, sliced into sections at a thickness of 4 μm, and dewaxed with xylene. The dehydration process was conducted with xylene (I) for 5 mins, toluene (II) for 5 mins, 100% ethanol for 2 mins, 95% ethanol for 1 min, 80% ethanol for 1 min, and 75% ethanol for 1 min. Subsequently, the sections were washed by distilled water for 2 mins, stained with hematoxylin for 5 mins, and rinsed thoroughly with running water. Next, the sections were dissimilated by hydrochloric acid and ethanol for 30 s (lifting and thrusting for several times), immersed in running water for 15 mins or warm water (approximately 50°C) for 5 mins and stained with eosin for 2 mins. Next, gradient alcohol dehydration and clean were conducted \[95% ethanol (I), 95% ethanol (II), 100% ethanol (I), 100% ethanol (II), toluene benzene carbonate (3:1), toluene (I), xylene (II), 1 min/time\]. Lastly, neutral gum-mounted sections were observed and photographed under an inverted microscope (XSP-8CA, Optical Instrument Factory, Shanghai, China).

Statistical analysis {#S0002-S2017}
--------------------

All collective data were analyzed using the SPSS 21.0 statistical software (IBM Corp, Armonk, NY, USA). Measurement data were expressed as mean±standard deviation. The Student *t*-test was used to compare data between two groups. One-way analysis of variance (ANOVA) was employed for comparisons among multiple groups. Enumeration data were represented by the number of cases, and the difference analysis was performed using the chi-square test. The data normality test was conducted using the Kolmogorov--Smirnov method and the data with normal distribution among multiple groups were compared by applying the one-way ANOVA, with Tukey's post hoc test conducted. The data with skewed distribution were tested using the non-parametric test of Kruskal--Wallis. Values at different time points were compared using repeated measures ANOVA. A value of *p*\<0.05 was considered to be statistically significant.

Results {#S0003}
=======

High expression of LINC01116 and FN1 correlates with poor prognosis of patients with OSCC {#S0003-S2001}
-----------------------------------------------------------------------------------------

According to the differential analysis of the expression profile data GSE30784, the results displayed that LINC01116 and FN1 were highly expressed in OSCC ([Figure 1A](#F0001){ref-type="fig"}). In addition, heat map analysis of the expression profile data GSE74530 and GSE37991 further confirmed the presence of high expression of LINC01116 and FN1 in OSCC ([Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}). Besides, hsa-miR-144-3p, hsa-miR-1271-5p, hsa-miR-429, hsa-miR-27b-3p hsa-miR-200c-3p, hsa-miR-96-5p, hsa-miR-200b-3p, hsa-miR-217, hsa-miR-613, hsa-miR-206, hsa-miR-27a-3p, and hsa-miR-136-5p were potential miRNAs targeted by FN1, by means of the microRNA.org website, the miRDB website, and the mirDIP website ([Figure 1D](#F0001){ref-type="fig"}). Finally, the RNA22 website was used to determine that only LINC01116 could possibly bind to miR-136 and regulate the expression of FN1. After RT-qPCR detection on 58 cases (OSCC tissues and adjacent tissues), it was found that the expression of LINC01116 and FN1 was noticeably increased while that of miR-136 significantly decreased in OSCC tissues compared with the adjacent tissues ([Figure 1E](#F0001){ref-type="fig"}[--G](#F0001){ref-type="fig"}) (all *p*\<0.05). The correlation analysis revealed a positive correlation between both the expression of LINC01116 and FN1 ([Figure 1H](#F0001){ref-type="fig"}) and a negative correlation between the expression of LINC01116 and miR-136 ([Figure 1I](#F0001){ref-type="fig"}). In order to further investigate the relationship between the expression levels of LINC01116 and FN1 with the prognosis of OSCC patients, we determined the expression of LINC01116 and FN1 in tumor and adjacent tissues. Detailed information was collected from patients with OSCC. Kaplan--Meier analysis showed a poor overall survival rate of OSCC patients with high expression of FN1 or LINC01116 (*p*\<0.05) ([Figure 1J](#F0001){ref-type="fig"} and [K](#F0001){ref-type="fig"}). Based on the aforementioned findings, it could be concluded that high expression of LINC01116 and FN1 found in OSCC was closely associated with poor prognosis.Figure 1LINC01116 and FN1 are highly expressed while miR-136 is repressed in OSCC and related to poor prognosis. (**A**) The heat map of the microarray data GSE30784. (**B**) The heat map of the microarray data GSE74530. (**C**) The heat map of the microarray data GSE37991. The abscissa referred to the sample number, and the ordinate referred to names of differentially expressed genes. The upper right histogram represented the color gradation, the color changing from top to bottom indicated the expression value in the microarray data from high to low, each rectangle corresponded to the expression of one sample, each column showed the expression of all genes in each sample, and the left dendrogram revealed the cluster analysis results of the different genes in different samples, the uppermost bar indicated the sample type, and the upper right block indicated the sample color reference. (**D**) The microRNA.org website, miRDB website, and mirDIP website were used to predict the intersection of the miRNA of FN1. (**E**) RT-qPCR was used to determine the expression of LINC01116 in 58 cases of OSCC tissues and adjacent tissues (\**p*\<0.05 vs adjacent tissues). (**F**) RT-qPCR was used to determine the expression of FN1 in 58 cases of OSCC tissues and adjacent tissues (\**p*\<0.05 vs adjacent tissues). (**G**) RT-qPCR was used to determine the expression of miR-136 in 58 cases of OSCC tissues and adjacent tissues (\**p*\<0.05 vs adjacent tissues). (**H**) The correlation analysis between the expression of LINC01116 and FN1 in OSCC tissues demonstrated a positive correlation. (**I**) The correlation analysis between the expression of LINC01116 and miR-136 in OSCC tissues demonstrated a negative correlation. (**J**) The survival analysis related to LINC01116 expression in patients with OSCC indicated that higher expression of LINC01116 was associated with poor prognosis. (**K**) The survival analysis related to FN1 expression in patients with OSCC indicated that higher expression of FN1 was associated with poor prognosis. n=58; the data were measurement data and expressed as mean±standard deviation. The *t*-test was used for comparison between two groups. \**p*\<0.05 vs adjacent tissues.**Abbreviations:** FN1, fibronectin1; miR-136, microRNA-136; OSCC, oral squamous cell carcinoma; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

The median relative expression of LINC01116 in OSCC tissues was determined to be 1.3475, which served as a reference to divide the 58 patients into the 2 following groups: patients with highly expressed LINC01116 and patients with poorly expressed LINC01116. Based on clinical pathological data, it was noticed that high expression level of LINC01116 was correlated with TNM staging, tumor diameter, and LNM (all *p*\<0.05), but no significant correlation was identified in age, gender, degree of differentiation, and depth of invasion (all *p*\>0.05) ([Table 2](#T0002){ref-type="table"}).Table 2Correlation analysis of LINC01116 expression and the clinicopathological features in OSCCClinicopathological featuresCases (n)LINC01116 expression*p*Highly expressed (n)Poorly expressed (n)Age*p*=0.785 ≥60 years old211111 \<60 years old371818Gender*p*= 0.588 Male361719 Female221210Tumor diameter*p*=0.016 ≥4 cm23167 \<4 cm351322Degree of differentiation*p*=0.792 High + Moderate311516 Low271413Depth of invasion*p*=0.134 T1/T2431924 T3/T415105Lymph node metastasis*p*=0.009 N0411625 N1/N217134TNM staging*p*=0.006 I--II stage381424 III stage20155[^2]

TSCCa and Tca83 cell lines display highest LINC01116 expression {#S0003-S2002}
---------------------------------------------------------------

The selection process was performed based on the expression of LINC01116 in OSCC cell lines and human OMECs. The results are shown in [Figure 2](#F0002){ref-type="fig"}: compared with the human OMECs, OSCC cell lines (TSCCa, Tca83, NB, NT, and Tca8113) exhibited significantly increased expression of LINC01116. Ranging from highest to lowest, the order of LINC01116 expression in the OSCC cells was Tca83, TSCCa, Tca8113, NT, and NB. The LINC01116 expression between TSCCa and Tca83 was found to be not significantly different (*p*\>0.05). Therefore, TSCCa and Tca83 cell lines were selected for subsequent experimentation.Figure 2TSCCa and Tca83 OSCC cell lines exhibit relatively higher LINC01116 expression. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. Data between two groups were compared by independent sample *t*-test. \**p*\<0.05 vs human OMECs, \*\**p*\< 0.01.**Abbreviations:** OSCC, oral squamous cell carcinoma; OMECs, oral mucosal epithelial cells.

LINC01116 can bind to miR-136 and FN1 is a target gene of miR-136 {#S0003-S2003}
-----------------------------------------------------------------

As the results of bioinformatics and dual-luciferase reporter gene assay indicated ([Figure 3](#F0003){ref-type="fig"}), the presence of a binding relationship between LINC01116 and miR-136 was evident, and miR-136 targeted FN1. In comparison to the NC group, miR-136 mimic was found to markedly inhibit the luciferase activity of LINC01116-wt (*p*\<0.05), but did not exert the same effects on LINC01116-mut (*p*\>0.05), suggesting that LINC01116 could competitively bind to miR-136. In comparison to the NC group, miR-136 mimic exerted no significant effect on the luciferase activity of FN1-mut 3ʹuntranslated region (3ʹ-UTR) (*p*\>0.05), but weakened the luciferase activity of FN1-wt 3ʹ-UTR (*p*\<0.05), indicating that FN1 was the target gene of miR-136. The aforementioned data elucidated that LINC01116 could competitively bind to miR-136, which targets FN1.Figure 3LINC01116 can bind to miR-136, which targets FN1. (**A**) Binding sites of miR-136 and FN1. (**B**) Binding sites of miR-136 and LINC01116. (**C**) Measurement of luciferase activity to verify the relationship of miR-136 and FN1. (**D**) Measurement of luciferase activity to verify the relationship of miR-136 and LINC01116. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. The *t*-test was used for comparison between two groups. \**p*\<0.05 vs the LINC01116-wt + NC group; ^\#^*p*\<0.05 vs the FN1-wt + NC group.**Abbreviations:** FN1, fibronectin1; miR-136, microRNA-136; wt, wild type; NC, negative control.

LINC01116 competitively binds to miR-136 {#S0003-S2004}
----------------------------------------

In order to further verify the interaction between LINC01116 and miR-136, RNA-pull down and RIP assay were performed. The results indicated that ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}): after detecting the enrichment of LINC01116 using RT-qPCR, LINC01116 enrichment in the WT-bio-miR-136 group was significantly increased in comparison to the MUT-bio-miR-136 group (*p*\<0.05). In addition, anti-AGO2 antibody was found to precipitate LINC01116, indicating that LINC01116 was capable of forming a complex with AGO2. The results demonstrated that the complex of LINC01116 with AGO2 could competitively bind to miR-136 and reduce the dissociative degree of miR-136.Figure 4LINC01116 can competitively bind to miR-136. (**A**) LINC01116 can competitively bind to miR-136, verified using RNA pull-down assay. (**B**) LINC01116 can bind to AGO2 protein, verified by RIP assay. The data were the measurement data and expressed as mean±standard deviation. The experiment was repeated 3 times to obtain the mean value. The *t-*test was used for the comparison between two groups, while one-way ANOVA was applied for comparison among multiple groups. \**p*\<0.05 vs the Bio-NC group; ^\#^*p*\<0.05 *vs* the MUT-bio-miR-136 group; ^&^*p*\<0.05 vs IgG.**Abbreviations:** miR-136, microRNA-136; AGO2, argonaute2; RIP, RNA-binding protein co-immunoprecipitation; ANOVA, analysis of variance; MUT, mutant; NC, negative control.

LINC01116 is located in the cytoplasm of OSCC cells {#S0003-S2005}
---------------------------------------------------

Subsequently, FISH assay was employed to detect the distribution of LINC01116 in OSCC cells. The results revealed ([Figure 5](#F0005){ref-type="fig"}) that LINC01116 was primarily expressed in the cytoplasm and only a minimal amount was expressed in the nucleus. The red part represented LINC01116 and the blue part represented the nucleus, indicating that LINC01116 was evidently localized to the cytoplasm.Figure 5LINC01116 expression is located in cytoplasm of OSCC cells, as revealed by FISH assay (×400).

LINC01116 silencing or miR-136 over-expression reduces cell viability of OSCC cells {#S0003-S2006}
-----------------------------------------------------------------------------------

Furthermore, CCK-8 assay was utilized to detect changes in cell proliferation brought about by LINC01116 and miR-136. The results showed ([Figure 6](#F0006){ref-type="fig"}) that the relative viability and proliferation rate of cells in TSCCa and Tca83 cell lines were consistent. After 24 hrs, 48 hrs, and 72 hrs of cell culture, no obvious differences were detected among the OD values between the blank group and the NC group (*p*\>0.05). In comparison to the blank and NC groups, the relative viability of cells in the miR-136 inhibitor group was found to be promoted significantly at 48 hrs and 72 hrs, and the proliferation of cells was accelerated (all *p*\<0.05). Subsequently, the relative viability of cells in the miR-136 mimic and siRNA-LINC01116 groups was inhibited while the proliferation of cells was slowed down (all *p*\<0.05). There were no significant differences in the proliferation rate of cells in siRNA-LINC01116+ miR-136 inhibitor group when compared to the blank and NC groups (all *p*\>0.05). The results indicated that LINC01116 silencing or miR-136 over-expression could inhibit the proliferation of OSCC cells.Figure 6LINC01116 silencing or miR-136 over-expression inhibits the cell viability of OSCC cells. (**A**) Cell viability in TSCCa cell line. (**B**) Cell viability in Tca83 cell line. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. The repeated measures ANOVA was used to analyze the value comparison at different time points. \**p*\<0.05 vs the blank and NC groups.**Abbreviations:** miR-136, microRNA-136; OSCC, oral squamous cell carcinoma; CCK-8, Cell Counting Kit-8; ANOVA, analysis of variance; NC, negative control.

LINC01116 silencing or miR-136 over-expression inhibits cell invasion and migration of OSCC cells {#S0003-S2007}
-------------------------------------------------------------------------------------------------

An investigation was conducted in relation to LINC01116 and miR-136 and their respective effects on invasion and migration of OSCC cells. Based on the results in [Figure 7](#F0007){ref-type="fig"}, the changing tendency of invasion and migration of the TSCCa and the Tca83 cell lines was consistent. No significant differences were found in cell migration and invasion among the blank group, the NC group, and the siRNA-LINC01116 + miR-136 inhibitor group (all *p*\>0.05). In comparison to the blank and NC groups, at 48 hrs, the cell migration and invasion ability were found to be significantly inhibited in the siRNA-LINC01116 and miR-136 mimic groups, while relatively promoted in the miR-136 inhibitor group (all *p*\<0.05). The results provided evidence proving that LINC01116 silencing or miR-136 over-expression could inhibit cell invasion and migration of OSCC cells.Figure 7LINC01116 silencing or miR-136 over-expression inhibits the cell migration and invasion of OSCC cells. (**A**) Representative images of cell migration in each group of TSCCa cell line. (**B**) Representative images of cell invasion in each group of TSCCa cell line. (**C**) Migration distance in each group of TSCCa cell line. (**D**) The number of invasive cells in each group of TSCCa cell line. (**E**) Representative images of cell migration in each group of Tca83 cell line. (**F**) Representative images of cell invasion in each group of Tca83 cell line. (**G**) Migration distance in each group of Tca83 cell line. (**H**) The number of invasive cells in each group of Tca83 cell line. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. One-way ANOVA was used for the comparisons among multiple groups. \**p*\<0.05 vs the blank and NC groups.**Abbreviations:** miR-136, microRNA-136; ANOVA, analysis of variance; NC, negative control.

LINC01116 silencing or miR-136 over-expression inhibits EMT in OSCC cells {#S0003-S2008}
-------------------------------------------------------------------------

RT-qPCR and Western blot analysis were performed to investigate the effects of miR-136, LINC01116, and FN1 on EMT with quantified expression of EMT-related markers (E-cadherin, Vimentin, N-cadherin, and MMP-9). The results ([Figure 8](#F0008){ref-type="fig"}) showed that the altering tendency on expression of EMT-related genes in the TSCCa cell line and the Tca83 cell line was consistent. No significant differences were found regarding the expression of EMT-related genes between the blank group and the NC group (all *p*\>0.05). In comparison to the blank and NC groups, higher expression of miR-136 and E-cadherin while lower expression of LINC01116, FN1, Vimentin, N-cadherin and MMP-9 were noted in the siRNA-LINC01116 and miR-136 mimic groups (*p*\<0.05). The miR-136 inhibitor group exhibited the opposite changing tendency (all *p*\<0.05). However, the expression of EMT-related genes did not differ significantly in the siRNA-LINC01116 + miR-136 inhibitor group in comparison to the blank and NC groups (all *p*\>0.05). The aforementioned findings suggested that silencing of LINC01116 or miR-136 over-expression could exert inhibitory effects on EMT in OSCC.Figure 8LINC01116 silencing or miR-136 over-expression inhibits the EMT of OSCC cells. (**A**) RT-qPCR was used to determine the relative expression of miR-136, LINC01116, FN1 and EMT-related genes (E-cadherin, Vimentin, N-cadherin, and MMP-9) in each group of TSCCa cell line. (**B, C**) Western blot analysis was used to determine the relative protein expression of FN1 and EMT-related genes (E-cadherin, Vimentin, N-cadherin, and MMP-9) in each group of TSCCa cell line. (**D**) RT-qPCR was used to determine the relative expression of miR-136, LINC01116, FN1 and EMT-related genes (E-cadherin, Vimentin, N-cadherin, and MMP-9) in each group of Tca83 cell line. (**E, F**) Western blot analysis was used to determine the relative protein expression of FN1 and EMT-related genes (E-cadherin, Vimentin, N-cadherin, and MMP-9) in each group of Tca83 cell line. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. One-way ANOVA was used for comparisons among multiple groups. \**p*\<0.05 vs the blank and NC groups.**Abbreviations:** EMT, epithelial--mesenchymal transition; miR-136, microRNA-136; RT-qPCR, reverse transcription quantitative polymerase chain reaction; FN1, fibronectin1; MMP-9, matrix metalloprotein 9; ANOVA, analysis of variance; NC, negative control.

LINC01116 silencing or miR-136 over-expression inhibits tumor growth and LNM in vivo {#S0003-S2009}
------------------------------------------------------------------------------------

Tumor xenograft experimentation was performed in nude mice to measure cell tumorigenicity and LNM affected by LINC01116 and miR-136. The results demonstrated ([Figure 9](#F0009){ref-type="fig"}) that the tendency of tumor growth and number of LNM in TSCCa cell line and Tca83 cell line was consistent. No obvious changes were present in tumor growth and number of LNM between the blank and NC group (all *p*\>0.05). In contrast to the blank and NC groups at the 9th day after inoculation of OSCC cells, the tumor growth rate and the number of LNM were found to be significantly reduced in the miR-136 mimic and siRNA-LINC01116 groups (all *p*\<0.05), but elevated in the miR-136 inhibitor group (all *p*\<0.05). There were no noticeable differences regarding tumor growth rate or number of LNM in the siRNA-LINC01116 + miR-136 inhibitor group compared with the blank and NC groups (all *p*\>0.05). Consequently, these findings provided verification attesting that cell tumorigenicity and LNM could be inhibited by down-regulation of LINC01116 or up-regulation of miR-136.Figure 9LINC01116 silencing or miR-136 over-expression inhibits the tumor growth and LNM in vivo. (**A**) The tumor growth rate in each group of TSCCa cell line. (**B**) The tumor growth rate in each group of Tca83 cell line. (**C**) HE staining in each group of tumors. (**D**) The number of LNM of TSCCa cell line. (**E**) The number of LNM of Tca83 cell line. The data were measurement data and expressed as mean±standard deviation. This experiment was repeated 3 times to obtain the mean value. The comparisons among multiple groups were performed based on one-way ANOVA and the value comparisons at different time points were performed using repeated measures ANOVA. \**p*\<0.05 *vs* the blank and NC groups.**Abbreviations:** LNM, lymph node metastasis; miR-136, microRNA-136; HE, hematoxylin-eosin; ANOVA, analysis of variance; NC, negative control.

Discussion {#S0004}
==========

OSCC presently remains a major health issue globally and patients typically present with a poor 5-year survival rate.[@CIT0030] Currently, tissue biopsy and histopathological examination are considered to be the diagnostic means of choice to obtain valuable time to prepare for subsequent treatment of patients plagued by oral cancer.[@CIT0031] Owing to this reason, the 5-year survival rate of patients diagnosed at early stages exceeds 90%, while leaving 30% of the patients at the late stage to potentially survive.[@CIT0032] This explains the importance of improvement of early detection techniques and follow-up innovative therapies to improve the quality of life of OSCC patients.[@CIT0030],[@CIT0033] In addition, LNM has been identified to be involved in OSCC bringing about undesirable survival rates.[@CIT0034] Several studies have further demonstrated that the process of EMT is correlated with a decrease in epithelial differentiation and increase in the mesenchymal phenotype, indicating a key step in OSCC progression and metastasis.[@CIT0035]--[@CIT0037] Furthermore, LINC01116 has recently been reported to be involved in multiple carcinomas, such as prostate carcinoma and non-small cell lung carcinoma.[@CIT0016],[@CIT0017] Additionally, over-expression of FN1 was found in frequent clinical samples obtained from patients with OSCC together with LNM.[@CIT0034] Based on the literature review and well-designed experiments, the current study tested a hypothesis that LINC01116 potentially plays an important role in the process of OSCC.

Initially, analyses of GEO datasets revealed the abundant expression of LINC01116 and FN1 in OSCC tissues while that of miR-136 was reciprocal, which was successfully verified. In addition, the current experiment demonstrated that LINC01116 could competitively bind to miR-136 and further regulate the expression of FN1. Consistent with our results, miR-136 was reported to be significantly under-expressed in OSCC when compared to healthy individuals and patients in remission.[@CIT0038] A study concerning lung adenocarcinoma verified that miR-136 might serve as a tumor-suppressor to EMT as well as prometastatic traits through Smad2 and Smad3, indicating a novel perspective for potential therapeutic approaches.[@CIT0039] Similar findings were discussed in another study, which concluded that FN1 down-regulation can be a pivotal marker of OSCC progression to predict lymphatic dissemination for patients with OSCC at a relatively early stage,[@CIT0040] which might assist in explaining the results presented below.

Additionally, the current study elucidated that down-regulation of LINC01116 could augment the expression of miR-136 and E-cadherin, while suppressing that of FN1, Vimentin, N-cadherin, and MMP-9. Subsequently, the changing tendency caused by miR-136 inhibitors was just on the contrary. All the aforementioned factors functioned in tandem to suppress LNM and EMT in OSCC. E-cadherin, N-cadherin, Vimentin, and MMP-9 are widely known as genes related to the process of EMT and play a pivotal role in tumor metastasis, and were thereby implored in the current study.[@CIT0041] Hereinto, E-cadherin was a calcium-dependent transmembrane glycoprotein in the epithelial tissue and was essential to cell adhesion molecule as well as signal transduction in prevention against tumor cell adhesion through the formation of protein complexes attached to the actin cytoskeleton in association with the formation of β-catenin.[@CIT0042] As a cytoskeletal protein, high expression of Vimentin was found in mesenchymal cells, and several studies have reported that the elevated expression of Vimentin present with a positive relationship with the invasion and metastasis of cancer cells in head and neck squamous cell carcinomas.[@CIT0043],[@CIT0044] Furthermore, another study suggested the use of N-cadherin as a latent biomarker for timely diagnosis in the early stages of OSCC.[@CIT0045] Similarly, a previous study mentioned that MMP-9 contributes to the development of proliferation, invasion, and migration in the process of cell and tumor angiogenesis in oral tongue squamous cell carcinoma.[@CIT0046] Additionally, the expression of E-cadherin and Vimentin was documented to be linked to LNM and tissue location while Vimentin was further related to tumor stage in OSCC in a prior study.[@CIT0042] Accordingly, we reached the conclusion that LINC01116 silencing or miR-136 over-expression could inhibit EMT and LNM of OSCC tumor in nude mice.

Conclusion {#S0005}
==========

In conclusion, LINC01116 silencing or miR-136 over-expression was demonstrated to inhibit OSCC cell proliferation, migration and invasion, EMT, and LNM via modulation of the LINC01116/miR-136/FN1 axis ([Figure 10](#F0010){ref-type="fig"}). Moreover, such regulatory mechanism can be expected to serve as a promising target for the development of clinical values in OSCC therapy. Additionally, future studies should be more performed with a diverse population, so as to support its promising application in the treatment of OSCC patients.Figure 10The schematic representation of LINC01116 in the progression of OSCC by regulating miR-136 and FN1. In OSCC cells, high expression of LINC01116 promotes the expression of FN1 through competitively binding to miR-136. Meanwhile, up-regulation of FN1 could promote the proliferation, EMT, and metastasis of OSCC cells, corresponding to inhibited the expression of E-cadherin and promoted the expression of Vimentin, N-cadherin, and MMP-9.**Abbreviations:** OSCC, oral squamous cell carcinoma; miR-136, microRNA-136; FN1, fibronectin1; MMP-9, matrix metalloprotein 9; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin; EMT, epithelial--mesenchymal transition.
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[^1]: **Abbreviations:** RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR-136, microRNA-136; FN1, fibronectin1; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin; MMP-9, matrix metalloprotein 9; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

[^2]: **Notes:** n=58; the data were enumeration data and expressed as the number of cases; the difference analysis was performed with the chi-square test. *p*\<0.05 represented statistically significant difference.

    **Abbreviation:** TNM, Tumor Node Metastasis.
